A systematic ensemble high-resolution climate modelling study over Vietnam was performed and future hydrological changes over the small catchment of Dakbla, Central Highland region of Vietnam, were studied. Using the widely used regional climate model WRF (Weather Research and Forecasting), future climate change over the period 2091-2100 was ascertained. The results indicate that surface temperature over Dakbla could increase by nearly 3.5 W C, while rainfall increases of more than 40% is likely. The ensemble hydrological changes suggest that the stream flow over the peak and post-peak rainfall seasons could experience a strong increase, suggesting risks of flooding, with an overall average annual increase of stream flow by 40%. These results have implications for water resources, agriculture, biodiversity and economy, and serve as useful findings for policy makers.
INTRODUCTION
Climate change impacts are studied using the information derived by global climate models (GCMs) which still remain the primary tools in understanding climate and climate change at a global scale. However, it has been realized that to study sub-global scales, i.e. continental, regional or sub-regional scales, the GCMs do not provide detailed information of climate as it is observed in reality. This is largely attributable to the coarse resolution of the GCMs, making them unsuitable for regional impact studies (Giorgi ) . The need for regional scale information is also emphasized by the fact that GCM climate projections do not allow regional examinations such as water balances or trends of extreme precipitation due to their coarse grid resolution. This clearly applies to hydrological impact studies over a river basin, as most of the river basins of the world are smaller than the typical resolution (c. 300 km) of the GCM. Such hydrological models therefore need to be driven by high-resolution data for better assessments of regional scale impacts. The GCMs do not simulate precipitation, one of the most important and sensitive climate parameter highly variable in space and time, with adequate fine-scale details to be applied for regional-scale impact studies. When impact studies are performed, such as hydrology, regional-scale impact studies warrant high-resolution climate information. To this end, regional climate models (RCMs) (which are limited area models) at a higher resolution than that of 
STUDY AREA
The Dakbla River is a small tributary of the Mekong river over the Lower Mekong Basin (LMB) in southeast Asia. The catchment has a total area of 2,560 km 2 from the upstream to Kon
Tum gauging station ( Figure 1) 
METHODS

Soil and water assessment tool (SWAT)
The rainfall-runoff model is a typical hydrological modelling tool that determines the runoff from the watershed basin resulting from rainfall falling on the basin. Precipitation is therefore an important input in deriving runoff in 
RESULTS AND DISCUSSION
Daily precipitation data were obtained from the three rain- A sensitivity analysis was conducted prior to calibrating the hydrological model. This is a method that analyzes the sensitivity of the different model parameters ( Table 1) Table 1 , from which 11 most sensitive parameters were then selected (Table 2) It can be stressed here that while surface temperatures are more homogeneous and easy to be simulated, precipitation is rather difficult to simulate well. Detailed evaluation of the model performance was carried out (not discussed then distributes its values to all of its sub-catchments. An interpolation is therefore required to compute the station data (at a particular grid point) when using gridded data.
Linear interpolation is therefore applied in this case. The bilinear interpolation method is an extension of the linear interpolation for interpolating functions of two variables on a regular grid; this is therefore used to extract precipitation value from station data at a grid point, from the entire gridded data source derived from the RCM output. The same approach is applied for the surface temperature.
Before the future stream flow results are discussed, it is also helpful to assess the future changes in the mean surface temperature and precipitation over the Dakbla region. On a daily scale study of extremes, the probability distribution function compares the rainfall and stream flow for the three different RCM results for the baseline and future periods ( Figure 10 ). All three RCM results agree that future stream flow has higher frequency distribution for high discharge (>100 m 3 s -1 ) compared to the baseline.
For the extreme case, a discharge value of more than 480 m 3 s -1 indicates a higher frequency of future stream flow. This must be taken very seriously, as very high discharge is critical for river operation management.
CONCLUSIONS
In this study, regional climate model outputs of precipitation and surface temperature were applied to a hydrological model (SWAT), calibrated using the ParaSol method, and its simulated discharges were compared to their observed counterparts. The performance of the model using station data rainfall has been found satisfactory; the model-derived rainfall was therefore also used to assess stream flow simulation over the current and future climate. Using the RCM outputs, the present-day and future stream flows were also simulated. Results show that the future stream flow over the Dakbla river basin is expected to increase, especially during the rainy season, which has implications not only for flood mitigation measures but also for water resources management, hydropower and agriculture. Extreme values of rainfall and discharges indicate that necessary steps should be taken for appropriate river operation management.
However, much more work is required to improve confidence in these results. Further higher resolution simulation (5-10 km) of the RCMs may be required to obtain more credible estimates of present-day and future precipitation. Since this result has been obtained only from a few RCM simulations of future climates, it is recommended to obtain an ensemble estimate of future climate change by downscaling However, the applications of these methods are comprehensive exercises that entail more sensitivity studies and experimentations; they are as such beyond the scope of this
paper, yet provide possible future research work. The research findings from this study are still useful as they yield some 'new'
information that might yield clues to the wider and larger changes to come. This study is one of the first detailed RCM studies undertaken over this region to provide preliminary possible future climate change information to policy makers.
As these several uncertainties will be constrained down the road once improvements in the modelling are achieved, those plausible wider and larger changes could be used for further assessments of future changes.
